Objective: To evaluate the role of ethanolic extract of Myristica fragrans in morphine dependence. Methods: Wistar albino rats were made moderate and severe grade morphine dependence by administering morphine sulphate in dose of 10 mg /kg (i.p.), twice daily for 4 days and by increasing doses of 10-100 mg/kg (i.p.), twice daily for 7 days, respectively. The signs of spontaneous abstinence syndrome were recorded 12 hours in both studies after the last dose of morphine for 30 minutes and quantified by 'counted' and 'checked' signs. Ethanolic extract of Myristica fragrans (EEMF) was administered p.o. in different regimen: (a) EEMF 200 mg/kg along with morphine twice daily for 4 days and 7 days in moderately and severely induced morphine dependence group, respectively. (b) EEMF 400 mg/kg (p.o.), single dose10 hours after the last dose of morphine in both moderately and severely induced morphine dependence rats. Result: Oral administration of EEMF in both study groups caused significant reduction in the scores of counted and checked signs of morphine abstinence syndrome as compared to active morphine control group. The reduction was significantly more in regimen 'a' as compared to regimen 'b'. Conclusion: Ethanolic extract of Myristica fragrans seed significantly reduced the mean scores of various'counted signs' and 'checked signs' of morphine withdrawal syndrome and might give a solution as a substitute therapy in morphine de-addiction.
Introduction
Morphine addiction is worst affected socio-economic problem worldwide. It causes mild to severe dependence resulting into difficult withdrawal at the time of de-addiction. A number of therapeutic medicines have been described in indigenous system of medicine to overcome the addiction. Myristica fragrans(Nutmeg) belongs to the family Myristicaceae, is one of the important spices used in indigenous system of medicine in India. Its usefulness is reported in inflammation, cephalgia, helminthiasis, halitosis, dyspepsia, flatulence, nausea, vomiting, diarrhoea, dysentery, colic, asthma, catarrh, neuralgia, lumbago, stangury, amenorrhoea, menorrhagia, dysmenorrhoea, ulcers, liver and spleenic disorders, eye diseases, impotency, skin diseases, freckles, cracks in feet, insomnia, delirium tremens, hyperdypsia, cardiac disorders, fever and general debility 1 .Its psychoactivity such as hallucinations, feelings of euphoria, unreality, and delusions is documented since the middle ages 2 . Under the cover of its nature as spice, it is also widely abused as a cheap substitute for morphine narcotic drugs, particularly in adolescents 3, 4 , since the 12th century 5, 6 . Earlier, the pharmacological activity of another medicinal plant, Delphinium denudatumusing the same morphine dependence model, was reported by our lab 7, 8 . However, the present study is done to evaluate the role of ethanolic extract of Myristica fragrans in morphine dependence.
Materials and Methods: Plant Materials
Seeds of Myristica fragrans were obtained from the local market. These were identified and authenticated by Dr. (Mrs.) Sunita Garg, Chief Scientist, Raw Material Herbarium and Museum, National Institute of Science Communication and Information Resources (NISCAIR), New Delhi. A sample specimen of plant material was deposited in the NISCAIR bearing voucher number "NISCAIR/ RHMD/2013/2345-125-2".
Preparation of Extract
Myristica fragrans seeds were shade-dried. 100 g plant material was powdered with the help of an electrical grinder (REMI auto-mix blender, Vasai, India). For the preparation of ethanolic extracts, powdered seed were extracted with 300 ml of absolute alcohol with the help of Soxhlet apparatus. The extract was then filtered, collected and evaporated till it becomes dry at 40˚C on a water bath. The semisolid mass so obtained was weighed to calculate its yield in percentage. The yield of extract was 17.94%.
Animals Used
Wistar albino rats weighing 150-200 g of either sex were used in the study. The animals were procured from theInstitutional Central Animal House. They were housed in polypropylene cages bedded with husk in the Pharmacology Section of Central Animal House and provided with standard pellet diet (Ashirwad Industries, Chandigarh) and water ad libitum. The animal room was well-ventilated and maintained under standard environmental conditions throughout the experiment (temperature 18-29˃C, humidity 30-70%, 12 hour light/dark cycle). They were acclimatized to the laboratory condition for 1 week prior to experimental use. The study followed ARRIVE guidelines and was approved by the Institutional Animal Ethics Committee (IAEC 
Severely induced Morphine dependence:
Morphinein increasing doses 10-100 mg/ kg(i.p.),twice daily for seven days is reported to cause development of severe dependence (Table II) . The withdrawal signs were observed 12 hours after the last dose of morphineinjection for 30 minutes in all groups 4 .The 'counted signs' and 'checked signs' were multiplied with the respective 'weighing factors' for evaluation of the severity of abstinence syndrome as done for moderately induced physical dependence.
Statistical Analysis
Data is represented as Mean ± SEM and analysed using one-way ANOVA followed by Tukey multiple comparison tests. P<0.05 was considered statistically significant.
Results

Effect of ethanolic extract of Myristica fragrans on parameters of abstinence syndrome in moderately induced morphine dependent rats
The mean score of counted and checked signs in morphine group (study group III) were significantly increased (p<0.001) as compared to normal control (Table III) .Administration of EEMF in dose of 200 mg/kg orally twice a day for 4 days did not produce any sign of physical dependence (study group II). There was no difference in the counted and checked signs in EEMF group from normal control group. Administration of EEMF in dose of 200 mg/kg orally along with morphine 10 mg/kg(i.p.), twice daily for 4 days did not produce significant mean score of withdrawal signs compared to morphine control group. In other words, the co-administration caused significant reduction in scores of counted and checked signs of morphine abstinence syndrome as compared to morphine control group observed 12 hours after the last dose of morphine (study group IV). In group IV, mean score of various counted and checked signs of morphine abstinence syndrome were markedly reduced as compared to group V except headshakes. Comparative to group III, the mean score of counted and checked signs such as chewing, headshakes, yawning, digging, teeth chattering and scream on touch were significantly decreased. However, no significant change was observed in hostility on handling compared to morphine control group [ Table III] . Mean score of counted signs such as chewing, headshakes, yawning, digging and teeth chattering in study group V were significantly decreased. Similarly, mean score of checked signs such as scream on touch was significant reduced. However, no significant change was observed in hostility on handling compared to morphine control group (Table III) . Effect of ethanolic extract of Myristica fragranson parameters of abstinence behaviour in severely induced morphine dependent rats. Apart from chewing, head shakes, yawning, digging, teeth chattering, scream on touch and hostility on handling, which were observed during moderate abstinence syndrome, wet dog shakes, jumping, eye twitching and lacrimation were also observed in severely induced morphine dependent rats.Mean score of counted and checked signs in morphine group (study group III) were significantly increased (p<0.001) compared to normal control (Table IV) . These mean scores are more than the moderately induced morphine control group. Administration of EEMF in dose of 200 mg/ kg orally twice a day for 7 days did not produce any sign of physical dependence (study group II). Likewise, there was no difference in the counted and checked signs in EEMFgroup from normal control group.Administration of EEMFin dose of 200 mg/ kg orally along with morphine (in increasing doses 10-100 mg/kg) for seven days caused significant reduction in scores of counted and checked signs of morphine abstinence syndrome as compared to morphine control group observed 12 hours after the last dose of morphine (study group IV). Mean score of various counted and checked signs was markedly reduced as compared to group V except headshakes and eye twitching. Comparative to group III, the mean score of counted and checked signs such as chewing, yawning, digging, teeth chattering, jumping, wet dog shake and scream on touch, hostility on handlingwere significantly decreased. However, no significant change was observed inheadshakes, eye twitching and lacrimation compared to morphine control (Table IV) . Mean score of counted signs such as chewing, headshakes, yawning, digging, teeth chattering, Jumping and Wet dog shake in study group V were significantly decreased. Similarly, mean score on checked sign of scream on touch, hostility on handling, eye twitching were significant reduced (P<0.001). However, no significant change was observed in lacrimation compared to morphine control (Table IV) .
Discussion:
The study was conducted to evaluate the role of Myristica fragrans in suppressing the signs of withdrawal in morphine-dependent rats. In our set up, we could observe only seven counted signs, viz. chewing, head shakes, digging, yawning, teeth chattering, jumping and wet dog shakes and four checked signs, viz. scream on touch, hostility on handling, eye twitching and lacrimation out of all signs as mentioned in TableI. Earlier studies also observed that some signs were more prominent with less dependence and disappear as the degree of dependence increases, while other signs appear 12 . Further, the intensity of tolerance and precipitated withdrawal in rats is a function of the dosage and the interval of administration of morphine 11 .The results obtained in present study indicate that morphine sulphate in doses of 10 mg/kgfor 4 days caused development of moderate dependence. EEMF caused reduction in the severity of abstinence syndrome both in groupsIV and V. The maximum reduction in withdrawal signswas observed in group IVwhere EEMF 200 mg/kg along with morphine was given. Mean score of counted and checked signs such as chewing(p < 0.001), headshake (p < 0.001), yawning (p < 0.001), digging (p < 0.01), teeth chattering (p < 0.001) and scream on touch (p < 0.001), were significantly decreased. However, no significant change was observed in hostility on handling compared to morphine control Values are expressed as Mean ± SEM (n = 5) *P<0.05, **P<0.01, ***P<0.001. Comparisons between: Group III vs. Group I., and Group IV, Group V vs. Group III. Group I (Normal control), Group II (EEMF control), Group III (Morphine control), Group IV (EEMF200 test group), Group V (EEMF400 test group). Values are expressed as Mean ± SEM (n = 5) *P<0.05, **P<0.01, ***P<0.001. Comparisons between: Group III vs. Group I., And Group IV, Group V vs. Group III. Group I (Normal control), Group II (EEMF control), Group III (Morphine control), Group IV (EEMF200 test group), Group V (EEMF400 test group).
group. Administration of morphine in increasing doses caused development of severe dependence. Reduction in the severity of the abstinence syndrome was observed in extractgroup which were treated with EEMF along with morphine in different dose regimens. In EEMF treated group maximum reduction in withdrawal signs was observed in group IVin which theEEMF was given in multiple doses (200mg/kg twice daily × 7 days) along with morphine. Mean score of counted and checked signs such as chewing (p < 0.001), yawning (p < 0.001), digging (p < 0.01),teeth chattering(p < 0.001), jumping (p < 0.001), wet dog shake(p < 0.001), and scream on touch (p < 0.001), hostility on handling(p < 0.001)were significantly decreased. However, no significant change was observed in headshakes, eye twitching and lacrimation compared to morphine control, whereas the score of wet dog shakes and jumping fell to zero. It was observed that, groupVwhere the EEMFwas given in single dose (400 mg/kg twice daily × 7 days), the reduction in withdrawal signs was less as compared to group IVHowever, no significant change was observed in lacrimation compared to morphine control. The present result showed that EEMF alone did not cause physical dependence as morphine group observed 12 hours after the last dose. However, the scores of various counted and checked signs in both treated test groups showed significant reduction in controlling the morphine withdrawal syndrome. Thus, EEMF has positive role in attenuating withdrawal signs of morphine abstinence syndrome. In addition, the inhibition of withdrawal signs in EEMF along with morphine treated group (group IV) showed cumulative nature of drug.Whereas inhibition in single dose of EEMF treated group (group V) showed rapid onset of action of drug.The higher protection rate in multiple doses of EEMF treated group (Group IV) as compare to single dose of EEMFtreated rats (Group V) appears to be due to higher dose effect, because the total amount of EEMF administered in 4 days and 7 days was 1600 and 2800 as compared to 400 in single dose treated group. 17 . In the light of the above findings, it has been noted that ethanolic extract of Myristica fragrans seed significantly reduces the mean scores of various'counted signs' and ‚checked signs' of morphine withdrawal syndrome. The presence of Myristica fragrans metabolites may be the explanation of decrease score of various counted and checked signs which manifested during morphine withdrawal. However, more studies are still needed to determine the effect of these compounds on central neurotransmitter release and activity.
Conclusion:
The ethanolic extract of Myristica fragrans significantly reduced the mean scores of various'counted signs' and 'checked signs' observed as an inherent constituent of morphine withdrawal syndrome.The present drug is one of the important spices used in indigenous system of medicinewhich might give a solution as asubstitute therapy in morphine de-addiction.
